Lesions induced in rhesus monkeys by different isolates of simian immunodeficiency virus (SIV)/ Delta were studied at necropsy. Four groups of monkeys were inoculated with SIV/Delta isolated from other experimentally infected rhesus monkeys, while one group was inoculated with SIV/Delta from an asymptomatic mangabey monkey. Three rhesus isolates and the mangabey isolate were virulent, killing 75-100% of infected monkeys. One rhesus isolate, which had been extensively passaged in vitro, was attenuated but was restored to virulence by single animal passage. Clinically, infected monkeys had lymphadenopathy, splenomegaly, diarrhea, and a rash. Most monkeys died of enteric disease. The following lesions were seen: weight loss, thymic atrophy, lymphoid atrophy, bone marrow hyperplasia, encephalitis, colitis, amyloidosis, hepatitis, glomerulosclerosis, and the presence of syncytial cells. One Rh Epstein-Barr virus (EBV)-related lymphoma occurred. Opportunistic agents were identified: cytomegalovirus, adenovirus, Cryptosporidia, and Pneumocystis. Shigella and Campylobacter often caused colitis.
Simian immunodeficiency virus (SIV), previously termed simian T-lymphotropic virus type I11 (STLV-111), is a lentivirus morphologically, antigenically, genetically, and biologically similar to the human immunodeficiency virus (HIV) which causes the acquired immunodeficiency syndrome (AIDS).5J3J7,26,27*34,35,37,41 SIV and HIV-2 are more closely related to each other than either is to HIV-1 . 5J8 SIV has been isolated from African green monkeys (Cercopithecus a e t h i~p s ) ,~~ sooty mangabey monkeys (Cercocebus a t y~) , '~,~' and m a c a q u e~.~J~.~~ Feral and captive African green monkeys and captive sooty mangabey monkeys, both African species, may be spontaneously and asymptomatically infected with SIV. 19,24,25,33,38,41 SIV infection has not been detected in feral Asian macaques, but laboratory infection of macaques results in an immunodeficiency disease similar to AIDS.2,3,6J3, 34, 37 An immunodeficiency syndrome may also be induced in macaques by a type D retrovirus (termed SAIDS virus, SAIDS retrovirus, simian retrovirus or SRV) unrelated to the lentivirus discussed here. The type-D retrovirus occurs spontaneously in feral and laboratory macaques.
In a previous study, we transmitted an immunodeficiency disease in rhesus monkeys using lymph node, spleen, and lymphoma cell suspensions from diseased monkeys.2 Lymphoblastoid cell lines with B cell characteristics were readily established from two lymphomas occurring within the experimental group, presumably due to transformation by a rhesus herpesvirus related to Epstein-Barr virus (EBV). 48 SIV was also identified in one of the lymphoblastoid cell lines2 and subsequently isolated from peripheral blood and lymphoid tissues from other animals in the cell-suspension transmission study.
Antibodies cross-reactive with HIV were detected in sera from rhesus monkeys in the study and from asymptomatic mangabeys in the mangabey colony at the Delta Regional Primate Research Center (DRPRC). 41 Circumstantial evidence suggested that the SIV in the rhesus monkeys originated in tissue derived from a sooty mangabey monkey. We have since obtained numerous SIV isolates from asymptomatic mangabeys in the DRPRC colony. 41 We initiated a series of experimental infections with the cultured isolates of SIV/Delta mentioned above to study virus and host factors important in the pathogenesis of SIV-induced disease. These studies reveal differences in the pathogenic potential of the various isolates and confirm that SIV from an asymptomatic mangabey is pathogenic in rhesus monkeys. One isolate, passaged extensively in vitro, became attenuated; virulence was restored, however, by a single animal passage. This paper describes the pathologic features of the disease produced in rhesus monkeys by the various cultured isolates of SIV/Delta.
Materials and Methods

Monkeys
Twenty-four rhesus monkeys (Macaca mulatta) of either sex born in an outdoor breeding colony at the Delta Regional Primate Research Center (DRPRC) were used. Naturally oc-457 curring simian immunodeficiency virus (SIV) infection has not been seen in this colony, and colony animals are free of antibody to SIV and human immunodeficiency virus (HIV). There is a 5% incidence of antibodies to simian type-D retroviruses, although all seropositive monkeys are over 15 years old. The monkeys were individually caged in an isolation facility and inoculated with cultured isolates of SIVIDelta at 7 to 16 months of age. All manipulations requiring handling were done with the monkeys under ketamine anesthesia. Animals were examined daily for level of activity, appetite, and stool consistency, and received a biweekly physical examination which included lymph node evaluation, abdominal palpation, and a blood count. Monkeys which developed bacterial infections were treated with appropriate antibiotics, and those that became moribund were humanely sacrificed by barbiturate overdose.
Virus isolates
SIV isolated at the DRPRC is designated SIV/Delta to identify the location of original isolation, followed by a subscript indicating the number of the monkey from which the isolate was recovered. The SIV/Delta isolates of rhesus origin used in this study consisted of SIV/Delta,,,,, a pool of SIV isolates (composed of equal volumes of SIV/Delta,,,,, SIV/ DeltaD,,,, SIV/Delta,,,,, and SIV/Delta,,,,); SIV/Delta,,,,; and SIV/Delta,,,,. All rhesus isolates, except SIV/Delta,,,,, were obtained from monkeys described previously and probably originated in an asymptomatically infected mangabey (A022) with experimentally induced leprosy.z Mangabey A022 was acquired from the mangabey colony at the Yerkes Regional Primate Research Center (YRPRC). SIV/Delta,,,, was isolated by co-culture with human phytohemagglutinin (PHA) blasts4' from peripheral blood lymphocytes (PBL) of a healthy, naturally infected sooty mangabey (E038) housed at the DRPRC. Mangabey E038, as well as most other mangabeys at DRPRC, originated from the mangabey colony at YRPRC. A high incidence of spontaneous asymptomatic SIV infection has been seen in the YRPRC co10ny.19 SIV/Delta,,,, was isolated from a homogenate of a cryopreserved lymph node obtained at necropsy from rhesus B670.2 Ficoll gradient purified human peripheral lymphocytes stimulated by growth for 3 days in the presence of 10 pg/ml phytohemagglutinin were used for virus isolation. Tissues were homogenized in RPMI-1640, filtered (0.22 nm), and added to freshly stimulated human lymphoblasts seeded at 1 x 10, celldm1 in RPMI-1640 supplemented with 15% fetal calf serum and human interleukin-2 (Electronucleonics, Silver Springs, MD). Virus-positive cells were detected 7 days post-inoculation by fixed-cell indirect immunofluorescence using rhesus reference serum. Positive cultures were passaged twice before inoculation into monkeys. SIV/Delta,,,,, SIV/Delta,,,,, and SIV/Delta,,,, were isolated from ficoll-gradient purified and PHA-stimulated monkey lymphoblasts by co-culture with H9 cells, a human T cell line. Positive cultures were identified by fixed-cell indirect immunofluorescence and passaged twice a week for 18 weeks. Filtrates from cultures infected with the isolates above were pooled with filtrates from cells infected with SIV/DeltaB,,, immediately before inoculation into monkeys. SIV/Delta,,,, was isolated from a herpesvirus-transformed B cell line established from lymphoma tissue from rhesus D9 1 52,48 by infection of H9 cells with lymphoblastoid cell culture filtrates. Infected cells were passaged once or twice a week for 22 weeks before the filtrates were inoculated into monkeys.
SIV/Delta,,,, was isolated from PHA lymphoblasts of rhesus monkey E686, obtained 6 months after experimental infection of rhesus E686 with the extensively passaged SIV/ Delta,,,, isolate. Virus isolation was accomplished by coculture with primary human lymphoblasts (2: 1 donor to recipient ratio). Infected cells were passaged twice before filtrates were inoculated into monkeys.
Inoculations
The inoculation scheme is summarized (Table 1 ). In all cases, 1-10 ml of 2-day-old culture supernatants were passed through a 0.22-nm filter and inoculated without further manipulation into the saphenous vein. The virus dose was quantitated by a sandwich ELISA developed for detection of HIV p24 (Abbott Laboratories, Chicago, IL).,, Since quantitation of some inocula was done retrospectively on samples cryopreserved at inoculation, measurement of core antigen provided a sensitive, accurate measurement of virus dose that was independent of survival during storage. This technique does not measure infectivity.
Pathology
Monkeys which died or were killed in extremis were examined post-mortem. Samples of all major organs were fixed in 10% neutral buffered formalin and processed by routine methods for histologic examination. All tissues were stained with hematoxylin and eosin (HE). Lungs were stained with Ziehl-Neelsen acid-fast and Gomori's methenamine silver (GMS). Kidneys were stained with phosphotungstic acidhematoxylin and periodic acid-Schiff methenamine silver (PAMS) stains. Various inflammatory lesions were stained with Ziehl-Neelsen, Gram, periodic acid-Schiff, and GMS. Cytomegalovirus (CMV) and adenovirus infections were diagnosed by characteristic tissue reactions and morphology of inclusion bodies. Typical herpesvirus and adenovirus particles were demonstrated by electron microscopy in representative lesions. Campylobacter and Shigella were isolated by standard microbiologic methods. Protozoal infections were diagnosed by morphology of the organism in tissues or fecal contents. Enlarged inguinal lymph nodes from ten monkeys were surgically removed 8 to 13 months post-inoculation and examined histologically.
Results
Clinical findings
All monkeys became infected following inoculation based on reisolation of virus and/or serocon~ersion.~~ Virus was reisolated from peripheral blood lymphocytes (PBL) or serum from all monkeys throughout the study except those inoculated with simian immunodeficiency virus (SIV)/Delta,,, 5 . Virus was reisolated by co-culture of PBL from two of five monkeys in- oculated with SIV/Delta,,,, (E686, F180). The other three developed persistent antibody, but virus was not isolated beyond 2 months after inoculation, suggesting latent infection. The survival time after inoculation, clinical signs, and immediate cause of death for monkeys inoculated with each isolate are summarized (Table 1) . SIV/ Delta,,,,, isolated from an asymptomatic sooty mangabey, was pathogenic for rhesus monkeys. All rhesus isolates were pathogenic and killed 75-100% of inoculated monkeys within approximately 2 years after inoculation, except SIV/Delta,,,, which appeared to be attenuated after almost 3 years of observation after inoculation. However, when SIV/Delta,,, , was passed through a single monkey (E686), an isolate recovered from the infected but asymptomatic E686, SIV/ Delta,,,,, was lethal when inoculated into additional rhesus monkeys (Table 1) .
Clinically, body temperature varied from 34.7 to 39.9 C. No consistent pattern or association with disease state was evident, although some monkeys appeared to have intermittent fever. Interpretation and comparison of temperatures were problematic, since measurements were made on anesthetized monkeys. Seventeen monkeys developed generalized enlargement of peripheral lymph nodes. Lymphadenopathy was usually apparent by 2 weeks after inoculation, persisted for many months, and regressed several weeks before death. Four monkeys that did not develop lymphadenopathy died within 10 weeks after inoculation. Ten animals had splenomegaly, which was usually detected later and disappeared earlier than lymphadenopathy. Eight monkeys had an erythematous maculopapular rash most prominent in the facial, inguinal, and axillary areas. The rash appeared within a few weeks after inoculation and persisted for several weeks. Nineteen monkeys had diarrhea at some time between inoculation and death. Most had recurring or persistent diarrhea which often led to death. The character of the stool varied from soft and unformed to watery. Blood and mucous were sometimes seen, especially in monkeys infected with Shigella or Campylobacter. Diarrhea was associated with Campylobacter, Shigella, Cryptosporidium, and Giardia, but an etiologic agent was not identified in all animals or in all episodes of diarrhea. Two monkeys (F429, F358) died of diarrhea from which no etiologic agent was recovered and had only mild nonspecific lesions in the intestinal tract. All monkeys lost a significant amount of weight before death. One monkey (E783) died of cachexia unrelated to diarrhea.
No consistent abnormalities occurred in blood counts of infected monkeys, except erythrocytosis and leukocytosis with neutrophilia in the terminal stages of disease. These changes were presumably associated with bacterial infections (Carnpylobacter and Shigella) and may have been related to the bone marrow hyperplasia seen histologically at necropsy. SIV/Delta-infected monkeys were seldom anemic. Platelets were not routinely counted in this group of monkeys.
The median survival after inoculation for the 18 monkeys which died of probable SIV-related disorders was 44 weeks with a range of 2 to 124 weeks. Persistent or recurrent enteric disease characterized by diarrhea, dehydration, and weight loss was the immediate cause of death in 13 monkeys. The remaining monkeys died of lymphoma, cytomegalovirus and adenovirus infection, Escherichia coli septicemia, meningitis due to Streptococcus pneurnoniae, and generalized wasting without diarrhea, respectively. One monkey inoculated with SIV/Delta,,,, died of acute gastric dilatation, a disorder unrelated to SIV infection.
Pathologic findings
The pathologic findings seen at necropsy in monkeys which died of SIV-related diseases are summarized ( Fig. 1 ). All monkeys had moderate to severe weight loss, and most were emaciated with generalized muscle wasting and depletion of subcutaneous and intra-abdominal fat stores.
The thymus from all except one (F697) was very small compared to those of normal age-matched, non-SIV-infected monkeys. Microscopically, the lobules were collapsed and depleted of lymphocytes. Cortex and medulla were not readily discernible. The remaining tissue sometimes contained histocytes. Thymic epithelium and Hassall's corpuscles appeared reduced in a few cases, but morphometric comparisons with normal tissue were not made. Cystic dilatation of Hassall's corpuscles was rarely seen. The blood vessels in a few thymuses were thickened and surrounded by increased perivascular fibrous connective tissue (Fig. 2 ).
All enlarged inguinal lymph nodes removed surgically had an increased number of germinal centers. In many nodes these were large, round to irregular, highly cellular, and contained numerous tingible body macrophages and mitotic figures. In other nodes the germinal centers were small, hypocellular, and contained hyaline material. Most large germinal centers had thin, intact mantle zones, but in some the mantle zone pen- At necropsy, lymph nodes were mildly to severely atrophic in all monkeys except F697. Microscopically, the capsules were sometimes thickened and fibrotic. The sinuses of some lymph nodes contained numerous histiocytes and some also had syncytial cells. The paracortex of most lymph nodes was mildly to severely depleted of lymphocytes. Often, there were numerous germinal centers, suggesting previous hyperplasia, but these were usually small, hyalinized, and depleted of lymphocytes. Lymphoid nodules in the spleen were also atrophic.
In animal F697, the monkey with lymphoma, lymph nodes were enlarged with a highly cellular paracortex and numerous large round, oval, or irregular germinal centers. Germinal centers were composed of large follicular center cells and had well-developed mantle zones. Syncytial cells were not seen.
The bone marrow collected at necropsy was moderately to severely hypercellular in seven monkeys, compared with that of healthy age-matched controls. This appearance may have been partly due to depletion of fat, but there was also an absolute increase in the number of erythropoietic and granulopoietic cells compared to controls.
Lesions seen in the central nervous system (CNS) of four monkeys in this study had the features of SIVinduced encephalitis as previously d e s~r i b e d ,~~,~~ consisting of lymphocytic infiltration of the leptomeninges, focal, often perivascular, infiltration of the gray and white matter with foamy macrophages mixed with occasional small mononuclear cells, and the presence in the infiltrates of syncytial cells. Immunohistochemical staining and in situ hybridization of these syncytial cells have identified SIV/Delta protein and RNA, respectively, in these lesion~,~O,~~ and viral particles have been demonstrated by electron microscopy in similar cells in other SIV-infected monkey^.^^,^^ Three monkeys had amyloid deposits. Two (F327, F32 1) had significant amounts of amyloid in the spleen, lymph nodes, and lamina propria of the small intestine, whereas the other had a slight amount in the lamina propria of the small intestine.
Eight animals had hepatic lesions at necropsy which consisted of mild proliferation ofintrahepatic bile ducts, infiltration of portal areas with mononuclear inflammatory cells, and slight periportal fibrosis (Fig. 3) . In one monkey, neutrophils were in the lumen of the gallbladder, intrahepatic bile ducts, and the periportal infiltrate. These lesions were associated with Cryptosporidium or cytomegalovirus (CMV) in two monkeys each, while no etiologic agent was identified in the remaining four cases.
Five monkeys had significant renal lesions. Most glomeruli were affected and were hypercellular and lobulated. Visceral epithelial cells were sometimes hyperplastic and hypertrophic. Periodic acid-Schiff methenamine silver (PAMS) staining revealed thickened reduplicated glomerular basement membranes and a marked increase in the amount of mesangial matrix. Capillary lumens were sometimes constricted or obliterated ( Fig. 4) . Some glomeruli had periglomerular fibrosis and hypertrophy of the epithelial lining of Bowman's capsule. In one monkey (F236) glomeruli contained fibrin thrombi and hemorrhage, and endothelial cells were markedly swollen. This monkey had syncytial cells in glomerular capillaries (Fig. 5) .
The tubules and interstitium were less significantly damaged, but there were a few protein casts, focal areas of tubular atrophy, and patchy areas of interstitial lymphoid infiltration and mild scarring in some kid-neyS. Seven animals had multinucleated syncytical cells which occurred in lymph nodes (six cases), brain (three cases), spinal cord (three cases), meninges (one case), lung (one case), spleen (one case), kidney (one case), or the lamina propria and submucosa of the small intestine (one case). Most syncytial cells were from 25 to 60 pm in diameter and had from three to 30 nuclei visible. Syncytial cells were rounded with well-defined cellular margins, abundant finely granular eosinophilic cytoplasm, and occasionally contained clear round vacuoles. Nuclei were usually marginated around the periphery of the cell. Depending upon the case and tissue, such cells were rare to abundant.
One monkey, F236, had a lesion best described as giant cell inflammation in the lung, lymph nodes, spleen, and lamina propria and submucosa of the small and large intestines. This consisted of an infiltrate of large numbers of syncytial cells and smaller histocytes diffusely throughout the tissues (Figs. 6,7) . Syncytial cells were also seen in glomerular capillaries of monkey F236.
One animal (E686) in the SIV/Delta,,,, group died of acute gastric dilatation and had no histologic evidence of SIV-induced disease. The other monkey (E783) in this group was humanely sacrificed due to stunting and severe weight loss. No opportunistic or pathogenic agents were isolated or seen, and the animal had not had diarrhea.
The lymphoma in animal F697 was first seen due to exophthalamia and pupillary dilatation. Several weeks later an abdominal mass was recognized, and the monkey was euthanized. At necropsy, lymphomatous masses were seen in the orbit, the cranial cavity associated with the optic nerve, and the pancreas associated with the pancreatic lymph nodes. Histologic examination revealed infiltration of additional lymph nodes. The neoplasm was similar to those previously described in other SIV-infected macaques.2 Analysis of tumor cell suspensions by fluorescent activated cell sorter (FACS) revealed that the lymphoma was of B cell origin. In addition, Southern blot analysis of tumor cell DNA detected a high copy number of Epstein-Barr virus (EBV)-related sequences (data not shown).
Several opportunistic infections were seen in this study, with CMV being the most common. The pathologic features of CMV infection in these and other SIVinfected monkeys have been described.' Briefly, changes due to CMV were seen in the meninges, brain, lung, lymph node, liver, spleen, small intestine, testicle, nerves, and arteries. These consisted of interstitial pneumonia in the lung and focal areas of necrosis and inflammation in other organs which were associated with cytomegalic cells with intranuclear and/or intracytoplasmic inclusion bodies typical of CMV.
Adenovirus infection was seen in two monkeys which had extensive patchy areas of necrosis of pancreatic acinar cells. Interlobular septae were thickened, fibrotic, and infiltrated with mononuclear inflammatory cells. Large smudged basophilic intranuclear inclusion bodies typical of adenovirus were in pancreatic acinar cells, epithelial cells lining Brunner's glands in the duodenum, epithelial cells in the small intestine and stomach, and renal tubular epithelial cells. The inclusions were not associated with inflammation or necrosis except in the pancreas.
Six monkeys had cryptosporidiosis, described in detail el~ewhere.~ Cryptosporidial organisms were in the epithelium of the small intestine, bile ducts, gallbladder, pancreatic ducts, trachea, and bronchioles of two monkeys, and in the small intestine only of four others. Small intestinal villi were atrophic and lined by degenerate epithelial cells.
Two animals had very mild pulmonary lesions associated with Pneumocystis carinii. Gomori's methenamine silver (GMS) stains revealed numerous Pneurnocystis organisms contained within small focal areas in which alveoli contained pink foamy exudate. The lesions were not extensive enough to cause clinical signs.
One animal (F5 83) died of diarrhea associated with numerous Giardia cysts in the feces. Only mild nonspecific inflammation was seen in the intestinal tract at necropsy.
In addition to opportunists, several pathogenic bacteria also caused disease in SIV-infected monkeys. Five monkeys had diarrhea and colitis from which Campylobacter fetus subsp. jejuni or coli was isolated. At necropsy, each of the monkeys had fluid colonic contents. Segments of the mucosa of the cecum and colon were thickened, roughened, and reddened, often with petechial hemorrhages. In one case there was a pseudomembrane. Microscopically, the mucosa in affected areas was often thickened, and in some areas there was an exudate composed of neutrophils, mucus, and fibrin on the epithelial surface and in some crypts of Lieberkuhn. The epithelium of affected crypts was often necrotic. The lamina propria was infiltrated with neutrophils and mononuclear inflammatory cells.
Three animals died of diarrhea and colitis from which Shigellaflexneri was isolated. Campylobacter was also isolated from one of these monkeys. The colonic lesions were similar to those described above associated with Campylobacter.
One animal died of fibrinous peritonitis and septicemia due to E. coli, and another of meningitis due to Streptococcus pneumoniae.
Two monkeys had Strongyloides in the small intestine, but these were no more numerous than commonly seen in immunocompetent monkeys and appeared to be asymptomatic.
Discussion
Experimental infection of rhesus monkeys with different isolates of simian immunodeficiency virus (SIV)/ Delta reveal that both virus and host factors are important in pathogenesis. Inoculations with cultured rhesus isolates clearly demonstrate that SIV is the etiologic agent of the immunodeficiency disease previously seen in tissue transmission ~t u d i e s .~,~~ Furthermore, induction of disease in rhesus monkeys with virus isolated from an asymptomatic sooty mangabey monkey confirms our previous suggestion that the etiologic agent involved in the tissue transmission study originated in mangabey tissue, and suggests that genetically determined host factors may be involved in disease resistance.
Inoculation of monkeys with SIV/Delta,,,, shows that this isolate is attenuated, since three of the five recipients remain healthy nearly 3 years after inoculation. One death in this group is clearly unrelated to SIV infection, while the other death (1 18 weeks after inoculation) is only questionably due to SIV. The latter monkey died of cachexia but had no lesion suggestive of SIV infection. We were unable to reisolate SIV from this animal except for a short period after inoculation. Virulence of SIV/Delta,,,, can be reestablished by animal passage as demonstrated by the results of inoc-
The mechanism of attenuation is unknown. The amount of virus inoculated into the groups receiving SIV/Delta,, and SIV/Delta,686 was equivalent, as determined by measurement of the major structural component of the virion. Attenuation may have occurred by selection for a less virulent genotype by growth in the Rh Epstein-Barr virus (EBV)-transformed B cell line or by extensive passage in H9 cells, although no significant differences were seen in the in vitro growth properties of the two isolates.
Laboratory attenuation, followed by restoration of virulence by animal passage has been documented with another lentivirus, equine infectious anemia The possibility of attenuation is an important consideration in developing reliable inocula for use in animal studies. Moreover, structural and functional comparisons of virulent isolates with laboratory-attenuated derivatives may reveal viral factors responsible for pathogenicity.
Several pathological features of the disease induced by these isolates are of interest. In general, the simian disease parallels acquired immunodeficiency syndrome (AIDS), but with some notable differences. The immediate cause of death in 13 of the 18 monkeys that died secondary to SIV infection is apparently diarrhea which did not respond to appropriate antibiotic and supportive therapy. The high incidence of death due to enteric disease is unlike most cases of human AIDS, in which the immediate cause of death is usually related to the pulmonary or central nervous Diarrhea is a common symptom of AIDS, however. Many cases of diarrhea in SIV-infected monkeys are associated with colitis from which Campylobacter or ulation with SIV/Delta,686.
Shigella is isolated. Both bacteria are common pathogens in our rhesus colony, but infections usualiy respond well to antibiotic and supportive therapy. SIVinfected animals have a much higher incidence of symptomatic and fatal enteric infections than monkeys housed under similar conditions but not infected with SIV.
The transient skin rashes noted clinically in these monkeys were not examined histologically. We examined similar lesions in other groups of SIV-infected monkeys and observed perivascular infiltrates of mononuclear inflammatory cells in the dermis similar to those described by It has been proposed that Langerhans cells may become infected with SIV, and that the rash is the result of the immunologic response to these infected cells.sL Similar lesions are seen in AIDS patients,L2,28 and evidence of human immunodeficiency virus (HIV) has been detected in Langerhans cells of human patients. 62 Thymic involution has been reported in adult^^^,,^ and ~h i l d r e n~~.~~ with AIDS. The changes consist of depletion of lymphocytes, loss of corticomedullary demarcation, and damage to thymic epithelium and Hassall's corpuscles. We observe similar changes in SIV-infected monkeys, although clear loss of thymic epithelium and Hassall's corpuscles is not often evident. As thymic involution is associated with many disease processes, morphometric studies of SIV-infected monkeys free of concurrent infections will be necessary to identify those changes that are due to SIV alone. The only animal with a normal thymus was F697, which also had lymphoid hyperplasia of the spleen and lymph nodes and lymphoma. We have observed the triad of spared thymus, lymphoid hyperplasia, and lymphoma in three other SIV-infected monkeys.
This study confirms previous observations by us and other^^,^,^ of lymphadenopathy due to follicular hyperplasia in SIV-infected rhesus monkeys. By the time of death, lymphoid hyperplasia has often regressed and lymph nodes are atrophic. This mimics the lymphadenopathy of AIDS-related complex and the lymphoid depletion seen at autopsy in AIDS patients.I6
The retroviral encephalitis which occurs in some SIV-infected rhesus monkeys is morphologically very similar to that seen in AIDS patients.60 Unlike AIDS patients, SIV-infected monkeys do not develop clinical signs associated with central nervous system (CNS) infection. The monkeys are caged and do not receive thorough neuropsychological evaluations, however. The lack of clinical signs may be due to the much shorter time course of experimental SIV infection relative to AIDS or to the lack of appropriate methods for evaluating mental status in monkeys, as only gross motor disturbances would be apparent. Studies of monkeys which survive longer than those described here may resolve this discrepancy, although monkeys with encephalitis tend to die relatively soon after inoculation. In this and other studies, we have noted that the brain is more frequently infected with SIV/Delta,,,, than with other isolates we have
The hepatic changes in these monkeys are of some interest because of similar lesions in the livers of AIDS patients. A variety of hepatic lesions have been described in AIDS patients, many of which are the result of opportunistic infection or other factors unrelated to HIV i n f e~t i o n . '~,~~ Cholecystitis and cholangitis are seen in AIDS patients and may be due to cytomegalovirus (CMV), Cryptosporidia, or bacterial infection. 32, 47, 56, 58, 61 The lesions in some, but not all, of our monkeys are also associated with CMV or Cryptosporidia. The frequent occurrence of lesions in the biliary tree of SIV-infected rhesus monkeys suggests that SIV may be directly or indirectly involved as well. The resolution of this issue must await studies of SIV-infected monkeys which are free of common opportunistic agents.
Numerous lesions are seen in the hearts of AIDS patientss4 Most are clinically silent, with lymphocytic myocarditis the most common. We do not find inflammatory infiltrates or myocyte damage in the hearts of SIV-infected monkeys.
The pulmonary lesions seen in SIV-infected monkeys are due to CMV, Cryptosporidium, or Pneumocystis, except for giant cell inflammation in the lung of one monkey. Many pediatric AIDS patients have a lesion termed lymphocytic interstitial pneumonia,'O in which there is evidence that HIV plays a direct causal
We have not seen a morphologically similar lesion in SIV-infected monkeys.
An AIDS-associated nephropathy, characterized by rapid deterioration of renal function, proteinuria, and focal and segmental glomerulosclerosis, is described in a small number of AIDS patient^,'^.^^ although other investigators did not find renal lesions specific for AIDS.*OX~~ AIDS patients frequently have concurrent infectious diseases and are exposed to nephrotoxic drugs and therapeutic agents, making it very difficult to identify renal lesions that are specific for HIV infection. Some of these variables can be controlled in the SIVinfected rhesus monkey. Further detailed study of the renal lesions in these monkeys may help elucidate changes specifically due to lentivirus infection.
About half of AIDS patients have some involvement of the gastrointestinal tract which may be due to a variety of bacterial, protozoal, and viral agent^.^^,^' In addition, an AIDS-associated enteropathy is described in AIDS patients in whom no bacterial or parasitic infections are detected.36 These patients have diarrhea, malabsorption, and weight loss associated with non-specific histological abnormalities in the jejunum and rectum. Persistent diarrhea is particularly common in African AIDS patients. Some AIDS patients have weight loss independent of diarrhea.36 Almost all SIVinfected rhesus monkeys develop recurrent or persistent diarrhea and severe weight loss. As in AIDS patients, many diarrheas are associated with infectious agents. In some monkeys with diarrhea, no infectious agent or specific histologic lesion can be identified, however. Further detailed studies will be needed to determine the pathogenesis of HIV-and SIV-associated enteropathies. The monkey (E783) that died of cachexia not associated with diarrhea or intestinal lesions is of particular interest. Although it is not clear whether or not this death is SIV-associated, it would be interesting to study the role of endogenous mediators of weight loss, such as the macrophage-secreted hormone, cachectin (tumor necrosis factor), in similar cases.
The presence of syncytial cells appears to be a marker for both SIV and HIV infection. Such cells are most commonly found in lymph nodes and the central nervous system in SIV-infected monkeys but also occur in other tissues. In both monkeys and humans these cells express viral and contain virus partic l e~.~~,~~,~~,~~ The cells are more widely distributed in monkeys than in AIDS patients, possibly because the experimental infection results in much higher levels of viral replication. We have seen severe infiltration of some tissues by these cells, such as the giant cell inflammation seen in F236, in other SIV-infected monkeys not reported here. This lesion appears to be directly due to SIV and is often severe enough to result in organ dysfunction.
The lymphoma which occurred in this group of monkeys is histologically and biologically similar to those we reported previously which were associated with a rhesus EBV-like h e r p e~v i r u s .~~~~ Southern blot analysis of DNA from the tumor in this study again demonstrated the presence of herpesvirus-related sequences homologous to human EBV. The occurrence of Rh-EBV-related B cell lymphomas in SIV-infected rhesus monkeys suggests that SIV may promote defects in T cell regulation which allow B cell proliferation and tumor progression.
As in AIDS patients, CMV is a frequent opportunistic infection in SIV-infected monkeys and is often a contributing or immediate cause of death. Adenovirus is the only other viral opportunist we have seen at necropsy in SIV-infected monkeys; adenovirus was also identified by others in SIV-infected animals. 37 Three protozoal opportunists were seen in this series of monkeys. Although less than 4% of AIDS patients are reported to have ~ryptosporidiosis,~~ cryptosporidiosis was seen in 30% (6/18) ofthe monkeys which died in this study. Two of these cases were disseminated, whereas the other three had organisms in the small intestine only.4 Dissemination is consistent with respiratory cryptosporidiosis seen in AIDS patients. 39 Pneumocystis carinii infections are common in AIDS patient^^^,^^ and are often the immediate cause of death.40 Pneumocystis infections are less common in SIV-infected monkeys. We observed only two cases, neither of which was severe. The reason P. carinii infections are more common and severe in humans than in monkeys is unknown.
One case of persistent diarrhea was associated with a large number of Giardia in the feces. No other pathogen or opportunist was identified.
We have not found ToxopIasma gondii or Myobacterium avium-intracellularae infections in our SIV-infected monkeys. This may be due to lack of environmental exposure to these agents, at least in the case of T. gondii.
This study demonstrates the value of SIV infection in the rhesus monkey as an animal model to study the pathogenesis of lentivirus diseases, especially AIDS. SIV-infected rhesus monkeys develop immunodeficiency and opportunistic infections similar to those of AIDS patients. By studying animals raised free of specific opportunists, it will be possible to identify lesions which are attributable to lentiviral infection alone. It will also be possible to selectively infect such monkeys with other infectious agents which may act as cofactors in the production of disease. The identification of SIV isolates which vary in pathogenicity provides not only a unique opportunity to identify viral structural or functional differences responsible for these biological effects, but also forms the basis for studies of vaccine development and antiviral therapy using a primate model. 
